23
Abstract 24 Loss of biological diversity through population extinctions is a global phenomenon that threatens many 25 ecosystems. Managers often rely on databases of rare species locations to plan land use actions and 26 conserve at-risk taxa, so it is crucial that the information they contain is accurate and dependable.
27
However, climate change, small population sizes, and long gaps between surveys may be leading to 28 undetected extinctions of many populations. We used repeated survey records for a rare but 29 widespread orchid, Cypripedium fasciculatum (clustered lady's slipper), to model population extinction 30 risk based on elevation, population size, and time between observations. Population size was negatively 31 associated with extinction, while elevation and time between observations interacted such that low 32 elevation populations were most vulnerable to extinction, but only over larger time spans. We interpret 33 population losses at low elevations as a potential signal of climate change impacts. We used this model 34 to estimate the probability of persistence of populations across California and Oregon, and found that 35 31%-56% of the 2415 populations reported in databases from this region are likely extinct. Managers 36 should be aware that the number of populations of rare species in their databases is potentially an 37 overestimate, and consider resurveying these populations to document their presence and condition, 38 with priority given to older reports of small populations, especially those at low elevations or in other 39 areas with high climate vulnerability.
48
Population extinctions are a major threat to plants, leading to range contractions, fragmentation and 49 isolation [e.g., [1] [2] [3] [4] , which together reduce the abundance of species. As Darwin [5] pointed out, rarity is 50 a precursor of extinction. Orchids in particular face a global conservation risk with high species diversity 51 but also a high rate of species that are rare or threatened with extinction [6] [7] [8] [9] [10] [11] [12] , and rare orchids are 52 likely to need aggressive conservation actions to prevent their extinction [13] . Of the 236 populations in our data sets, we found 34% were no longer present when revisited.
161
Elevation, time between surveys, and population size were each significant factors for predicting 162 extinction probability of populations ( Table 1) 
